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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the optical switching device to which it is an optical switching device 
equipped with a substrate and the switching film equipped with the hydride of 
trivalent metal, and said hydride may be reversibly switched by exchange of 
hydrogen in between transparence configurations from mirror-like a configuration 
and high hydrogen by low hydrogen Optical switching device characterized by 
arranging a thin magnesium layer between said substrates and said switching 
film. 

[Claim 2] It is the optical switching device with which thickness of said 
magnesium layer is characterized by being for 0.1 and 10nm suitably for 0.1 and 
25nm in a device according to claim 1. 

[Claim 3] The optical switching device characterized by choosing said trivalent 
metal from the group which consists of a gadolinium, an erbium, samarium, a 
lutetium, an yttrium, and a lanthanum in a device according to claim 1. 
[Claim 4] The optical switching device characterized by preparing the catalyst- 
barrier layer which said switching film equips with at least one metal chosen from 
the group which consists of palladium, platinum, cobalt, and nickel in a device 
according to claim 1. 

[Claim 5] The optical switching device characterized by said switching film having 
the thickness of within the limits to 20 to lOOOnm in a device according to claim 1 . 



[Claim 61 The optical switching device characterized by equipping said switching 
film with the hydride of the alloy of trivalent metal and the rhagnesium of 5 - 95 
at.% in a device according to claim 1 . 

[Claim 7] Use [ in / as a mirror which has the display or adjustable permeability of 
a switching device given in any 1 term of claim 1-6 / lighting fitting, vision control 
glass, structural glass, or a sunroof ]. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
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2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

The hydride may be reversibly switched by exchange of hydrogen In between 
transparence configurations from mirror-like a configuration and high hydrogen 
by low hydrogen about the optical switching device with which this invention is 
equipped with a substrate and the switching film equipped with the hydride of 
trivalent metal. This invention is related also to use of such a switching device in 
addition. 
[0002] 

To the Patent Publication Heisei 11 -No. 514795 official report (international 



patent application WO 98/10329) for wliicli these people applied, film of the 
hydride of trivalent metal like the gadolinium hydride GdHx is low hydrogen (the 
switching device which may be switched reverslbly Is indicated in between x 
<**2> structure and high hydrogen (x>**2) structures.) by exchange of hydrogen. 
Both structures have a different optical property. In a low hydrogen content 
(x<**2), the film has and, metaled the shape of a mirror, i.e., reflexibility property, 
is opaque. In a high hydrogen content (x>**2), the film is half-conductivity and is 
yellow in transparence and transfer. A mirror-like condition is changed into the 
abundant transparence conditions of hydrogen when the switching film in a low 
hydrogen condition is exposed to hydrogen. The transparent membrane can be 
returned to a mirror-like condition by the both sides or either of heating and 
exhaust air of hydrogen. Efficiency of this switching operation may be carried out 
in a room temperature. The aforementioned patent application is also Indicating 
use of the hydride of the alloy of trivalent metal and magnesium. Existence of the 
magnesium in the alloy Increases the transmission of the switching film in a 
transparence condition, and decreases the transmission in an opaque condition, 
and results in the improvement of contrast which is a ratio between the 
transmission of the transparence condition of the switching film, and an opaque 
condition. Addition of magnesium makes the switching film colorlessness in a 
transparence condition. Moreover, the switching rate from a condition to a mirror- 
like transparence condition increases. 
[0003] 

The reflection factor of the GdHx switching film In a mirror-like condition (low 
hydrogen) is about 15 - 20% in a visible wavelength field. (Gd0.3Mg0.7) The 
reflection factor of Hx switching film is about 50 - 70% In the same condition. It is 
desirable that it may increase to the same application to the level in which a 
reflection factor rivals the level of a metallic reflection machine like aluminum 
which has a reflection factor exceeding 90% suitably. 
[0004] 

It is the purpose of this invention to increase the reflection factor of the optical 



switching device in a low hydrogen condition, without carrying out a bad influence 

to the transmission in a high hydrogen condition. 

[0005] 

This purpose is attained in the optical switching device which is characterized by 
arranging a thin magnesium layer between said substrates and said switching 
film and which was specified as the beginning clause. Without insertion of the 
thin magnesium layer of a between [ a substrate and switching film ] decreasing 
the transmission of the device in a transparence condition to a surprising thing, 
when the switching film was in a reflective condition, increasing the reflection 
factor of the switching device remarkably was found out. For example, in the 
switching device which has the gadolinium hydride film in a low hydrogen 
condition (about GdH2 configuration), the reflection factor increases from about 
15% to about 70%. When the gadolinium hydride film is in a high hydrogen 
condition (about GdH3 configuration), the permeability of the device is not 
changed as a matter of fact with the magnesium film. 
[0006] 

A thin magnesium layer's semantics of the layer which has the thickness which is 
about 0.001 to 0.1 times the thickness of the switching film must take it. In the 
preferential example, the thickness of a magnesium layer is for 0.1 and 25nm. By 
25nm or more, the effectiveness does not improve any more to a thing with it. 
[ the remarkable effectiveness and ] [ small in 0.1 nm or less ] The magnesium 
film of moreover more large thickness has the transmittance of the switching 
device in a transparence condition reduced, and will be carried out. 
[0007] 

As Gd being another, the alloy of other trivalent transition metals, rare earth 
metals, and these metals expresses a similar phenomenon. In these metals, they 
are an erbium (Er), samarium (Sm), a lutetium (Lu), an yttrium (Y), and a 
lanthanum (La). 
[0008] 

Instead of the above-mentioned alloy of trivalent metal and magnesium, the 



multilayer laminating of 50 Mg|Gd [ for example, ] pairs [ laminating / of the layer 
located in a line by turns / very thin (1-2nm) / of trivalent metal and magnesium / 
multilayer ] may be used. It has the additional advantage referred to as that it 
leads such a multilayer to increase of the switching rate between optical 
conditions. 
[0009] 

Switching of this switching film is performed by exchange of hydrogen. The 
permeability of this switching film is governed by the hydrogen content, and 
permeability increases it as a hydrogen content increases. When molecule 
hydrogen gas is supplied to this switching film, permeability increases as 
hydrogen pressure increases. Hydrogen must be decomposed to Atom H. The 
rate of the dissociation may increase by preparing the film of palladium which has 
the thickness of 5nm in the front face of the switching film. In the aforementioned 
thickness, the palladium layer is intermittent. The layer thickness is not decisive, 
and as it is within the limits of between 2 and 25nm, it is chosen. However, since 
the thickness of a palladium layer determines the maximum permeability of the 
switching device, a 2-1 Onm film is suitable. In addition to it, the palladium layer 
protects the switching film which is downward to oxidation. 
[0010] 

Other catalyst-active metals which promote hydrogen dissociation like platinum, 
nickel and cobalt, the alloy of these metals, or a niobium-palladium double layer 
except for palladium may be prepared on the switching film. 
[0011] 

In a room temperature, it may let molecule hydrogen pass from a hydrogen gas 
cylinder by the easy approach even to the switching film. The switching film of 
the shape of low hydrogen and a mirror changes to the abundant conditions of 
transparent hydrogen by it. This conversion is reversible and that transparent film 
is changed into a mirror-like condition by the both sides or either of heating and 
exhaust air of hydrogen. The aforementioned reversible conversion may be 
performed in higher temperature in the temperature near a room temperature. A 



switch may be performed also by setting in a hydrogen ambient atmosphere, and 
heating or cooling the switching film. 

[0012] 

Atomic hydrogen is the next reaction. According to H2 0+e->H+OH-, it can 
obtain also in other approaches so that according to the electrolytic reduction of 
the water in the switching film. 
[00131 

Atomic hydrogen may be generated in addition from the hydrogen plasma. In this 
case, for example, the catalyst-barrier layer of palladium is unnecessary. Atomic 
hydrogen may be generated from other metal hydrides like the essentially known 
metal alloy for hydrogen are recording. 
[0014] 

The switching film by this invention is thin, namely, the film thickness of that is 
smaller than 2 micrometers. It goes over the film thickness of this switching film 
between 100 and lOOOnm suitably. Since hydrogen must be diffused in the 
switching film, the film thickness determines the rate of the transparence 
condition of the shape of the mirror, and its reverse full conversion from a 
condition. 
[0015] 

The substrate with which the layer of this switching device may be prepared 
upwards is a transparent material like the foil of glass, a quartz, a diamond, an 
aluminum oxide, or (it is flexible) synthetic resin. This substrate may be bent 
even if even. 
[0016] 

The substrate can prepare the film of a transparent conductive oxide like ITO or 
ATO. It works as a transparent electrode in an electrochromic device with which 
such an oxide layer was indicated by international patent application WO 
98/08139. Use of the thin magnesium layer between a conductive oxide layer 
and the switching film by this invention has the additional advantage which 
improves the adhesive property between the switching film and conductive oxide 



layer. The thickness of the viewpoint of adhesion to the magnesium layer is for 

0.1 and 10nm suitably. 

[0017] 

The suitable example of the device by this invention is characterized by having 
the hydride of the alloy of trivalent metal and the magnesium of 5 - 95 at.% for 
the reason the switching film was mentioned above. 
[0018] 

The switching film is stuck as a film on a magnesium layer by customary 
approach like vacuum deposition, sputtering, laser from **, a chemical **** grown 
method, or electroplating. In this point, it is important that the metal of that 
switching film does not receive oxidation during pasting of this switching layer 
and after pasting. In a vacuum deposition process, especially this is attained by 
maintaining the pressure of residual-gas water or oxygen to the low of 10-6 to ten 
to seven or less mbars. By making trivalent metal meet hydrogen by the pressure 
of 10-2mbar, the metal in the switching film may be changed into the hydride 
condition of having a low hydrogen content, and the film has mirror-like 
appearance and is opaque. Furthermore, by increasing hydrogen pressure, this 
switching film becomes transparence. 
[0019] 

For example, the catalyst-barrier layer and magnesium layer of Pd may also be 

stuck by one of above-mentioned approaches. 

[0020] 

Since the switching device by this invention may be switched to a transparence 
condition and its reverse from a reflexible opaque condition, the device may be 
used for many application. By the favor of this optical effectiveness, this 
switching device may be used in order to control a luminescence condition in a 
lighting system like the headlight of the vehicle as an adjustable beam splitter 
and an optical shutter, or the configuration of a light beam. According to the film 
thickness of that switching film, this film can almost express zero permeability in 
a refiexibility condition. It makes it possible to manufacture the switching device 



with which this has large contrast. This switching device may be used also for 
application like the structural glass and vision control glass with which the 
electrochromic layer is used now, a sunroof, and a rear view mirror. In a 
reflexibility condition, since it is reflected, not only the light but radiant heat, i.e., 
infrared light, such a switching device may be used also for environmental control. 
Such an aperture can adjust a solar energy input and, thereby, reduces the 
energy expenditure by the air conditioner. 
[0021] 

A thin display may be manufactured by making a pattern in the switching film. 
The structure of such an indicating equipment is very easier than the structure of 
LCD (liquid crystal display) by un-existing [ of a liquid crystal layer, an orientation 
layer, a retardation layer, and a polarization filter ]. 
[0022] 

Also when zero transmission cannot approve in a reflexibility condition because 
of the reason of insurance, the pattern in this switching film may be used. For 
example, by patternizing this switching film in photolithography, the delicate 
pattern which leaves the fixed part of the substrate which is not covered with that 
switching film can be obtained. In this way, accidental hydrogen leakage of this 
equipment will not lead to the zero permeability of this device. 
[0023] 

It will be solved with reference to the example with which these aspects of affairs 
of this invention become clear from the example indicated below and an attached 
drawing, and the aspect of affairs of others of this invention is indicated to be 
below, and an attached drawing. 
[0024] 

Typical example 1 Drawing 1 is the sectional view like a model of the switching 
device 1 by this invention. The thickness of a layer is not drawn by the scale. The 
magnesium layer 4 of 10nm thickness is formed in the polished quartz substrate 
3. On the magnesium layer 4, Gd (gadolinium) film of 200nm thickness which 
works as switching film 5 is stuck. Both those magnesium layers 4 and switching 



film 5 are prepared by electron beain evaporation. The residual pressure in 
vacuum evaporationo equipment is lower tfian 10-7mbar (ten to 5 Pa). The rate 
of sedimentation is 1.0 nm/s. The palladium layer 7 of lOnm thickness is vapor- 
deposited by resistance heating on the switching film 5 by the rate of 
sedimentation of 0.2 nm/s within the same equipment. The aforementioned 
switching film 5 has the appearance of the quality of a metal and is opaque. 
[0025] 

The opaque sample device 1 is arranged in the pressure cell which was able to 
prepare two apertures of quartz glass. The aforementioned pressure cell is 
equipped also with the connection section for connecting it for supply of 
hydrogen to a vacuum pump. The aforementioned pressure cell is arranged in 
the data interior of a room of a spectrophotometer. After exhaust air, the pressure 
cell Is filled with a room temperature by molecule hydrogen to the pressure of 
5bars (5x105 Pa). The palladium layer 7 forms the atom H absorbed substantially 
in the switching film 5. The data becomes the transparence which has 15% of 
permeability in 600nm within several seconds. The layer formed in this way is 
equipped with the hydride GdHx of Gd by the high hydrogen content (2 x>** a 
configuration about GdH3). 
[0026] 

Next, the pressure cell is exhausted to 10-2mbar (1Pa). Within several seconds, 
permeability decreases from 15% to about 0.1%. In this condition, this switching 
film is reflexibility and is equipped with the hydride GdHx of Gd by the low 
hydrogen content (2 x<** a configuration about GdH2). 
[0027] 

The reflexibility switching film 5 which has very low transmission is changed into 
the transparent membrane which has 15% of transmission by exposure to 
hydrogen updated. The conversion between both configurations is reversible and 
the optical switching film is obtained by supply or discharge of hydrogen. 
[0028] 

drawing 2 - those devices - low hydrogen reflection - description when it is in 



voice, the reflection factor R in % to the aluminum of this device and other 
devices in the wavelength S between 400 and lOOOnm is shown. Curve A shows 
the reflection factor of the device which has the magnesium layer 4 which has the 
thicl<ness of 10nm. 
[0029] 

In the same Fig., Curve B shows the reflection factor R of the similar device 
which has the magnesium layer 4 which has the thickness of 15nm. Curve C 
shows the reflection factor of the similar device which has the magnesium layer 4 
which has the thickness of 20nm. 
[0030] 

The curve D of (it is not based on this invention) and a broken line shows the 
reflection factor R of the similar device with which the magnesium layer 4 does 
not exist for the comparison. This drawing shows that addition of the magnesium 
layer 4 increases a reflection factor R from about 60% to [ from about 15% ] 80%. 
[0031] 

In drawing 3 , when an above-mentioned device has transmission (at %) T in a 
high hydrogen transparence condition, the wavelength S between 400nm and 
lOOOnm is shown. These equipments showing Curves A, B, C, and D correspond 
with the equipment of drawing 2 . The curves A and B in agreement show the 
permeability of the device which has the magnesium layer (10nm and 15nm) 4, 
respectively. Curve C shows the permeability of the device which has the 20nm 
magnesium layer 4. (It not being based on this invention) and the broken-line 
curve D show the permeability of the similar device with which the magnesium 
layer 4 does not exist for the comparison. It is shown that addition of the 
magnesium layer 4 does not carry out the bad influence of this drawing to the 
permeability of that device. However, as shown in drawing 2 , the reflection factor 
R of the device is remarkably raised by the magnesium layer 4. 
[0032] 

Drawing 3 shows the permeability T of those devices in case those devices are in 
a low hydrogen reflexibility condition. Curve E shows the permeability of the 



device which has the magnesium layer 4 of 10-20nm thickness. The brol<en-line 
curve F shows the permeability of the device in case the magnesium layer 4 
does not exist. Existence of the magnesium layer 4 makes increase of the ratio 
between the permeability in the contrast of the device, i.e., a quantity-hydrogen 
transparence condition, and a low-hydrogen reflexibility condition cause. 
[0033] 

Typical example 2 An example 1 has the switching film 5 containing 30at.%Gd 
and 70at(s).%Mg, and the magnesium layer 4 which has the thickness of lOnm 
repeated. The curve A in drawing 4 shows the reflection factor R by % to 
aluminum as a function of wavelength (with nm) S, when the device is in a 
quantity-hydrogen reflexibility condition. To the aluminum reflecting mirror, the 
device matches and, as for Curve A, shows that even excellence is carried out in 
a certain wavelength field. (It not being based on this invention) and the broken- 
line curve B show the reflection factor of the similar device with which the 
magnesium layer 4 does not exist for the comparison. Enhancement of the 
reflection factor R by existence of the magnesium layer 4 is very clear. 
[0034] 

By exchange of hydrogen, the optical switching device equipped with the thin 
magnesium layer between the switching film of the hydride of trivalent metal, and 
a substrate and its switching film concerning this invention is very reflexibility, 
and may be reversibly changed into a transparence condition from an opaque 
condition. A reflection factor is equal to the reflection factor of an aluminum 
reflector, and may be made. Such a switching device especially may be used as 
an optical switching element in a rear view mirror, a sunroof, structural glass, 
vision control glass, a lighting system, and an Indicating equipment. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is the sectional view like a model of the optical switching device by this 

invention. 

[Drawing 2] 




When the switching film and its switching film of a hydride of a gadolinium are in 
a reflexibility condition, the reflection factor R is shown as a function of the 
wavelength (with nm) S of the switching device which has the magnesium layer 
which has various thickness (with % to aluminum). 
[Drawing 3] 

When the switching film is in a reflective condition, permeability T is shown as a 
function of the wavelength (with nm) S of the switching device which has the 
switching film of the hydride of a gadolinium in case the switching film is in a 
transparence condition, and the magnesium layer which has various thickness 
(at%). 
[Drawing 4] 

Those with a magnesium layer (curve A) and the reflection factor [ being nothing 
(curve B) ] (with % to aluminum) R are shown as a function of wavelength (with 
nm) S of the switching device which has the switching film of the hydride of 
Gd0.3Mg0.7 in case the switching film is in a reflexibility condition, and the 
magnesium layer which has said various thickness. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

S.ln the drawings, any words are not translated. 
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